Objective: The purpose of this study is to clarify the status quo of management and clinical outcome of treatments for oldest-old (≥80 years) patients with high-grade soft tissue sarcomas in Japan.
Introduction
Soft tissues are non-epithelial, extra-skeletal tissues that exclude the reticuloendothelial system, glia and structural tissues of parenchymal organs. These tissues are distributed throughout the body and include various structures such as fibrous tissue, adipose tissue, muscle tissue, vascular tissue and synovial membrane. Soft-tissue sarcoma (STS) is a malignant tumor arising from these tissues, most of which originate from the mesoderm, with the exception of tumors which are peripheral neuroectodermal in origin (1) . STS comprises <1.5% of all malignant tumors and is a rare tumor compared with other cancers and malignant neoplasms, and the annual incidence per 100 000 is approximately six cases (1) .
The population is currently aging all over the world, and the annual rate of increase for oldest-old persons over 80 years of age (3.8%) is approximately twice that of old persons over 60 years of age (1.9%) (2) . Japan is regarded as a country with the highest rate of aging in the world, and by 2050, one in three persons over 60 years of age are expected to become a part of its oldest-old population (2) . With its aging population, the number of cases involving malignant tumors in the geriatric population is on a rising trend every year, and the country faces problems such as determining the appropriate indication for surgical resection and increasing medical costs (3) . Although the geriatric population suffering from STS is relatively small, the number of patients are likewise increasing.
Surgical intervention is a major treatment for STS (4) . However, less invasive and more conservative treatment strategies are increasingly elected for STS in the geriatric population (5) . Even in the analysis of the SEER registry of the USA, it has been reported that the number of patients undergoing surgical treatment for sarcoma is significantly lower for the population over 85 of age (6) . The purpose of this study is to clarify the status quo of treatment and clinical outcome of high-grade STS for patients over 80 years of age in Japan, which is faced with the highest rate of aging in the world.
Patients and methods
The data presented in this work were obtained from the Soft Tissue Tumor Registry in Japan, promoted by the Japanese Orthopaedic Association (JOA) and National Cancer Center, details of which have been described elsewhere (7) . Initial registration was carried out within 2 years of the first visit, and the data on prognosis were registered at 2 and 5 years. This study was approved by the Institutional Review Board and Musculoskeletal Tumor Committee of the JOA. Informed consent was waived by the IRB of JOA due to the retrospective nature of this study.
From 2006 to 2012, 956 cases of STS in oldest-old patients over 80 years of age were registered under the Soft Tissue Tumor Registry in Japan. Among them, we excluded 173 patients who underwent initial treatment at a different hospital from the hospital where they registered and 159 cases with incomplete data, leaving a study population of 624 cases with STS in oldest-old patients. In addition, low-grade sarcomas such as well-differentiated liposarcoma/atypical lipomatous tumors were excluded from our study, resulting in 451 subjects for inclusion. Based on the information from the registry, we examined the following: age at the first visit, sex, follow-up period, diagnosis, site of occurrence, size, depth, the presence or absence of metastasis at the first visit, treatment method, outcome and survival rate.
The follow-up period was regarded as the time from presentation to last follow-up. Overall survival and disease-specific survival curves were obtained by the Kaplan-Meier method. Univariate analyses were performed, comparing patient-, tumor-and treatment-related factors according to two groups (surgical therapy and conservative therapy) using the Mann-Whitney U test for continuous variables and the chi-square test for categorical variables. The factors associated with therapy were analyzed using the multivariate logistic regression analysis, and factors associated with survival were analyzed using the univariate and multivariate Cox proportional hazards model. Statistical analyses were performed using SPSS software version 25 (SPSS, Chicago, IL, USA). In all analyses, P < 0.05 indicated statistical significance.
Results
The median age at the first visit was 84.0 (80-99) years old. Of 451 cases, 254 cases were under 85 years old and 197 cases were 85 years old or older. Three-hundred and fifty-one cases underwent surgical therapy, and 100 cases underwent conservative therapy other than surgery. Although 73.1% patients aged 85 years or older underwent surgical therapy, the proportion of patients who elected to undergo conservative therapy significantly increased (P = 0.022). Even in cases where no metastasis was observed at the first visit, 76.3% of patients aged 85 years and older underwent surgical therapy; however, the proportion of patients who elected to undergo conservative treatment also significantly increased (P = 0.001). The study population consisted of 231 males and 220 females, and there were no significant differences between genders in terms of their elected treatment (P = 0.475). The median follow-up period was 18.9 (range, 0.2-83.1) months, and the outcome at the last followup were 224 cases of tumor-free survival, 117 cases of survival with tumor, 82 cases of death caused by tumor and 28 cases of death by other causes. Ten patients underwent chemotherapy and 111 patients underwent radiation therapy. The proportion of patients who received radiation therapy was significantly higher in the conservative therapy group compared with the surgical treatment group (Table 1) .
Unlike normal survival curves, the Kaplan-Meier survival curve exhibited a stepped curve with two horizontal segments (Figs 1 and 2). Censoring was concentrated at up to 20 months, around 40 months and 80 months, and there were few events and censoring at the horizontal segments in between the three sections. These periods approximately coincided with the period from the first visit, at first registration, and until prognostic evaluation at 2 and 5 years. The 2-year cumulative overall survival rate was 84.4% and the 5-year cumulative overall survival rate was 41.6%. In addition, the 2-year cumulative disease-specific survival rate was 87.9%, and the 5-year cumulative disease-specific survival rate was 51.6%. Further diagnoses were as follows: undifferentiated pleomorphic sarcoma, 231; liposarcoma, 51; leiomyosarcoma, 46; and myxofibrosarcoma, 35. The site of occurrence were 270 cases in the lower extremities, 123 cases in the trunk of the body and 53 cases in the upper extremities, with the most frequent occurrence found in the lower extremities. There were 282 cases with a maximum tumor diameter of <10 cm and 157 cases with 10 cm or more. A total of 111 cases occurred in the superficial layer, and 335 cases occurred in a layer deeper than the fascia. There were 17 cases with regional lymph node metastasis at the first visit and 52 cases with distant metastasis (with some degree of overlap). The proportion of patients who underwent conservative therapy was significantly higher in cases with tumors >10 cm (P = 0.014), deep-seated tumors (P = 0.003), regional lymph node metastasis (P = 0.000) and distant metastasis (P = 0.000) ( Table 2) .
In the multivariate analysis, the proportion of cases undergoing conservative therapy increased in patients aged 85 years old or older (P = 0.036), patients with deep-seated occurrences (P = 0.027) and patients with distant metastases (P = 0.000) ( Table 3) .
Significant risk factors for overall survival, according to univariate analysis, were as follows: tumor diameter >10 cm (hazard ratio = 1.610, 95% confidence interval = 1.103-2.353, P = 0.014), extracompartmental tumor progression (hazard ratio = 1.337, 95% confidence interval = 1.094-1.631, P = 0.005) and the presence of distant metastasis (hazard ratio = 3.086, 95% confidence interval = 2.020-4.717, P = 0.000) ( Table 4 ). Multivariate analysis showed that distant metastasis (hazard ratio = 3.289, 95% confidence interval = 1.869-5.814, P = 0.000) and progress outside of the compartment (hazard ratio = 1.773, 95% confidence interval = 0.252-1.828, P = 0.014) were significant risk factors (Table 5) . According to the report, 8288 patients were registered for STSs in 7 years, and among them, geriatric patients over 60 years of age accounted for more than 50% of registered patients, and the percentage of patients have dramatically increased with the aging of the Japanese population. In our current study, we focused on oldest-old patients with STS in Japan who were over 80 years of age, as Japan faces the highest rate of aging in the world. In light of this problem, we examined the status quo of treatment and clinical outcome for high-grade STS.
In this study, the survival curves of patients aged 80 years or older exhibited atypical, stepped curves. We believe that this is due to restricting our subjects to the elderly, since Ogura et al. reported normal survival curves in a study across all ages. Moreover, in this study, cases treated at a hospital different from the hospital where they were registered were excluded in order to prevent duplication of cases. As the time periods that showed a concentration of censored data had approximately coincided with the time at the first *P < 0.05, **P < 0.01, ***P < 0.001.
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Number at risk 451 217 120 26 9 Figure 2 . Kaplan-Meier curves showing disease-specific survival. The cumulative overall survival at 2 and 5 years after presentation were 87.9 and 51.6%, respectively.
registration and prognostic evaluation at 2 and 5 years, reasons for our atypical results may have been due to active treatment halted early because of old age that resulted in a transfer from a specialized care facility to a local clinic, discontinuation of clinical consultation or subsequent events that were unreported. Since proportional hazards were not adequately preserved in our results, a statistical comparison with the log-rank test remains difficult, and the results of our Cox regression analysis also requires scrutiny. The Bone and Soft Tissue Tumor Registry in Japan is limited by the anonymity of its aggregated data, which could be a subject of future research. With aging, various functions of the body will deteriorate, including cardiovascular, respiratory, mental, immunologic and urological functions (9) . For this reason, surgical treatment for the geriatric population has been reported to induce distinctive perioperative complications such as cardiovascular disease, pneumonia and delirium, and the incidence increases with age (10) . Infectious diseases after surgery in the geriatric population is one of the leading causes of complications and increased mortality rate, and the sites with high post-operative infection rates include the urinary tract, respiratory tract and operative wound (11) . Post-operative delirium is also a notable complication for the geriatric population (12) . Age is a risk factor for delirium (13) , and post-operative delirium can be a cause for poor clinical outcome that includes functional deterioration, extended hospital stay, institutionalization, increase in medical costs and increased mortality rate (14) . Being older is an *P < 0.05, **P < 0.01, ***P < 0.001. UPS, undifferentiated pleomorphic sarcoma. 6.621 3.156-13.890 0.000*** *P < 0.05, **P < 0.01, ***P < 0.001. 3.086 2.020-4.717 0.000*** *P < 0.05, **P < 0.01, ***P < 0.001.
independent prognostic factor for STS, which has been reported to be a result of undertreatment for the geriatric population (15), but we believe that the increased incidence of complications is also a contributing factor for undertreatment. The results of this study have revealed that the proportion of patients undergoing conservative therapy in the older population demonstrates a greater level of increase than that of patients in the younger population who are <85 years old. For various types of carcinomas, surgical therapy on malignant tumors can be safely performed regardless of age, and numerous reports have suggested that surgical intervention should be presented as treatment options (5, (16) (17) (18) (19) (20) (21) (22) (23) . However, to the best of our knowledge, there are no reports that compare surgical therapy and conservative therapy such as chemotherapy or radiotherapy, and reports that suggest improved life expectancy with surgical intervention for oldest-old patients are scarce in the literature. Although this is a retrospective study, it is one of the few studies to examine the treatment outcomes for both surgical and conservative therapy of highly malignant STSs in patients 80 years or older. From the results of this study, we were unable to show whether or not surgical intervention improved the long-term vital prognosis of oldest-old patients compared with the conservative therapy. Our results may suggest that the surgical indication for elderly patients in Japan could have been generally correct. However, considering the limited patient background information and characteristics previously mentioned in this paper, we believe that the results should be interpreted with caution, and the surgical indication for elderly patients should likewise receive a close examination.
According to a report by Ogura et al., 19 .4% of STS cases across all age groups had received radiation therapy (8) . In elderly patients aged 80 years and older, 22.2% in the surgical treatment group and 33% in the conservative therapy group received radiation therapy, and the percentage of cases receiving radiation therapy significantly increased in the conservative therapy group. We believe that surgical treatment is not elected for the reasons described above that are particular to the elderly, and that palliative radiotherapy is performed as an alternative treatment option. Although palliative treatment included chemotherapy, chemotherapy was only performed in 2.2% of all patients aged 80 years or older and only 4% of the conservative therapy group. Considering that chemotherapy is performed in 26.1% of patients across all ages (8) , the low percentage is likely due to difficulties in safely administering chemotherapy for the elderly.
In this study, the 2-year cumulative disease-specific survival rate was 87.9% and the 5-year cumulative disease-specific survival rate was 51.6% in elderly STS patients aged 80 years or older. The 2 and 5-year disease-specific survival rates across all ages are reported to be 86.8 and 77.5%, respectively (8) . Even if the aforementioned characteristics of the registry are considered, our results were not dissimilar to that of the past literature, which report that the old age is an independent and poor prognostic factor for STSs (15) .
There are several limitations in our research. First, because the Bone and Soft Tissue Tumor Registry in Japan is organized by the Japanese Orthopaedic Association, the registry may underestimate sarcomas that originate in the trunk of the body that include the retroperitoneal cavity, which is not only treated by orthopedic surgeons but also surgeons and urologists. Second, the registry does not contain a geriatric assessment that is essential for research on elderly people. Third, since this is a retrospective study using a registry, in addition to the registered data, there are many factors that remain unclear, such as patient lifestyle, family background and motivation for treatment; thus, there are many biases in comparing surgical treatment and conservative therapy. Fourth, since cases treated at other institutions are excluded from our study, there could be insufficient reporting of events.
Conclusion
Japan faces the highest rate of aging in the world, and in this study, the status quo of treatment and clinical outcome for oldest-old patients over 80 years of age with high-grade STS were examined. The proportion of patients undergoing conservative therapy significantly increased in patients aged 85 years or older, patients with deep-seated occurrences and patients with metastases at the first visit. Extracompartmental tumor progression and the presence of distant metastasis at the first visit were significant risk factors for overall survival. 0.000*** *P < 0.05, **P < 0.01, ***P < 0.001.
